Research evidence has mounted that cognitive distracters can be detrimental to concurrent motor performance. Yet, few investigations have probed how cognitive distracters might impact dysphagia (swallowing impairment) though secondary tasks, like watching television, now compete with swallowing in a 21st-century lifestyle. Accordingly, we sought to determine whether cognitive distracters while swallowing alter swallowing or cognitive performance among healthy young adults. Participants were 30 healthy volunteers 18-24 years of age who underwent a baseline swallow task (BST), a baseline cognitive task (BCT), and a dual task (DT) in randomized order. The BST consisted of consuming 100 mL of (a) luke warm water (LWW) and (b) carbonated sweet water (CSW). The BCT involved pressing a key to indicate speed or reaction time for completing a number recognition task. In the DT condition, swallow and cognitive tasks were performed concurrently. Volume/swallow (V/S), time/swallow (T/S), and swallow capacity (SC) indices were derived for the swallow task and reaction time in milliseconds reflected cognitive task performance. On comparison between baseline and the DT condition, there was a decrease in V/S, increase in T/S, and an overall reduction in SC across LWW and CSW. Moreover, there was a slower cognitive reaction time in the DT condition. A significant repeated measures of ANOVA difference was noted between baseline and DT
Introduction
Universally, swallowing or deglutition is seen as a sequential four-staged sensory-motor act (Logemann, 1998) in which food is converted into a bolus and propelled from the oral cavity into the stomach via the pharyngeal tube. Microelectrode experiments have demonstrated that the brainstem regulates biomechanics that support this bolus pathway (Jean, 2001 ). In our current understanding of swallow science, a central pattern generator governs the rhythmic pattern of swallowing. However, prior to the conception of the traditional four phases of swallowing, Magendie (1822) had theorized an important preoral swallow stage called prehension stage that contributes to normal swallowing, arguing that this preoral stage is responsible for a smooth oral stage to pharyngeal stage transition. Apparently, the preoral swallow stage is controlled by basic senses and cognition-an unobservable but active process involving the brain's mental structures (Schmidt & Lee, 1999) . This abstract cognitive processing typically involves: integrating memory, sensory perception, pattern recognition, and reasoning skills that are widely used to: transform, store, manipulate, and retrieve sensory input (Craik, 1991) . This process has been explored meticulously, as many individuals with cognitive communication disorders present with dysphagia symptoms, and long-standing dysphagia has been observed post cortical stroke (Martin, Goodyear, Gati, & Menon, 2001; Smithard, Smeeton, & Wolfe, 2006) , or in association with cognitive degenerative diseases (Fernandez & Lapane, 2001; Langmore, Olney, Lomen-Hoerth, & Miller, 2007) . Further highlighting the role of cognition in swallowing, Kagel (1983, 1997) proposed an ''anticipatory phase'' or ''pre-oral swallow phase'' as a prelude to the traditional four-stage swallowing model. The proposed phase exquisitely deals with selection of type and volume of food to be ingested, and researchers have argued that the oral phase may even be a continuation of this anticipatory phase, considered crucial to triggering the oral swallow phase.
Several experiments have been derived from theories of underlying cognitive activity in motor skills. To test the potential involvement of cognition, specifically attention resource allocation, in swallowing, primary tasks in these past experiments have been the ''Dual Task Paradigm'' (Daniels et al., 2002) and ''Concurrent Cognitive Task'' (Brodsky et al., 2012; Dodderi & Vaz Larisa, 2016) . The principle behind these tasks is that if the primary motor task (i.e., swallowing) is independent from the secondary motor task (i.e., cognition), or vice versa, then there must be no inhibition in the performance of either of these sensory-motor activities. Thus, tests of cognition within swallowing activity have involved comparisons of swallowing performance accomplished either in isolation or concurrently with other tasks (Pashler, 1994) .
The potential role of cognition in swallowing has intrigued swallow scientists seeking to absorb their findings into clinical practice in the treatment of dysphagia. Recently, Dodderi and Larisa (2016) applied the dual task (DT) paradigm using a 100-mL water swallow test and a visual feature scan in 30 healthy young adults. They showed that volume/swallow (V/S) and swallow capacity (SC) decreased while time/swallow (T/S) increased when participants were engaged in the DT condition compared with swallowing in isolation. However, these findings were challenged by the fact that there was no quantification of the cognitive task. In separate research, Brodsky et al., (2012) tested how oro-pharyngeal swallowing was influenced by a cognitively loaded condition in individuals with Parkinson's disease. Subjects had to concurrently perform recognition of nonword target stimuli while swallowing five mL from the rim of a cup. The results revealed that in this DT condition, performance of the anticipatory swallow phase degraded, while performance within the oral swallow phase remained the same. These results are worthy of further investigations using more direct visualization methods, like videoflouroscopy and flexible endoscopy, that would permit an examination of swallowing safety under experimental conditions. Accordingly, using videofluoroscopy, Troche, Okun, Rosenbek, Altmann, and Sapienza (2014) reported that individuals with Parkinson's disease exhibited degradation of performance at both a 10-cc swallow and a cognitive task when engaged in the DT paradigm. These reviews collectively suggest the complex and clustered nature of cognition while swallowing. In addition, most studies to date have considered smaller test quantities, like five mL and 10 mL, which mimic a single-sip swallow pattern. Larger test quantities would better represent sequential swallowing or continuous swallowing, making research generalizations to real patient lifestyles easier.
Clinical data highlight the importance of intact cognition in swallow assessment and rehabilitation. Most clinical swallow examinations are performed under preexisting inner anxiety in the patients' minds and new test environments. Clinical data may be further influenced by medical ailments and cognitive communication disorders. Therefore, by controlling cognitively challenging distracters, one ensures optimum swallow assessment and can tailor rehabilitation to real needs. While a conscious mind with intact attention, sensory-motor awareness, and motivation are clinically accepted prerequisites for a swallow examination, rehabilitation protocols have frequently relied on postural maneuvers and bolus consistency manipulations to improve swallowing ability. Only recently have the efforts to control cognitive distracters gained much needed attention in deglutition science. There is increasing empirical evidence that young adults engage in food consumption concurrently with cognitive distracters, such that we now consume food with minimal appreciation of taste, aroma, and a varied swallowing pace (Epstein, Paluch, Smith, & Sayette, 1997 ) that is increasingly unsafe. A universally observable example of the phenomena is watching television while swallowing meals, with television being the cognitive distracter (Temple, Giacomelli, Kent, Roemmich, & Epstein, 2007) . With global increase in prevalence of neurological assault in young adults (Smajlovic´, 2015) , the major stakeholders of the altered food lifestyle, it is paramount to consider the influence of cognitive distracters on swallowing abilities and vice versa. This is the second study of our efforts where we have continued to probe DT performance with the performance of swallowing and cognitive indices done in isolation (Dodderi & Larisa, 2016) . In our earlier work, cognitive performance was not measured. Although the results suggested decreased swallow performance in the DT condition, changes in cognitive performance were unknown, even if the cognitive performance varied or influenced poor swallowing. Hence, in this study, we probed the potential influence on swallowing of a simultaneous cognitive task and vice versa among healthy young adults.
Method Participants
This was a comparative crossover study with nonrandom convenience sampling. We orally recruited 30 (15 men and 15 women) participants aged 18-24 (21.6 AE 1.67) years. Participants gave written informed consent prior to the experimental procedures. We obtained individual case histories to exclude participants with sensory-motor or neurological deficits, or any past head and neck surgery. We also administered the Eating Assessment Test-10 to exclude participants with deglutition disorder (Belafsky et al., 2008) . This tool comprised 10 sensitive questions that indicate a patient's risk of dysphagia. As per the tool's norms, deglutition was deemed safe if participants obtained a score of less than three. Clinical signs of serious cognitive impairment were ruled out by excluding participants who scored less than 25 on our administration of the Mini Mental Status Examination (Folstein, Folstein, & McHugh, 1975) . All participants were right-handed and had normal or corrected-to-normal visual acuity in both eyes.
Instrumentation
We installed DMDX software (Version 4.0.6.0) in a Windows 7-based Toshiba laptop to present the cognitive task stimuli (Forster & Forster, 2003) . DMDX is a Windows system freeware program designed to deliver text, audio, graphical, or video material. This software enables precise control over stimuli delivery and also measures reaction time in milliseconds (ms). Using TimeDx software, the video mode of the DMDX was matched with the desktop resolution and was saved at 1,366 Â 768 pixels. DMDX software was calibrated daily with TimeDx module prior to testing.
Procedure
Participants were seated upright comfortably on a chair with back and arm rest in a noise-free room. Each participant underwent three experiments: (a) baseline swallow task (BST), (b) baseline cognitive task (BCT), and (c) DT, comprising swallow task and cognitive task. The format of each experiment is as follows.
Swallow task.
A timed test of swallowing comprised 100 mL thin liquid (Hughes & Wiles, 1996) in the following manner. A 120-mL throwaway cup was filled with 100 mL luke warm water (LWW) and carbonated sweet water (CSW; commercially available unchilled Sprite Õ maintained at room temperature). The use of CSW is justified by its popularity among youth (Grimm, Harnack, & Story, 2005) , easy access, high pleasantness value, and adaptability to the patient's lifestyle (Sdravou, Walshe, & Dagdilelis, 2004) . We gave clear oral directions: ''Drink the LWW andCSW from the rim of the cup continuously with no oral spillage or residue in the cup.'' These instructions are in consonance with literature on sequential swallowing that mimics the natural swallow pattern (Dodderi & Larisa, 2016; Veiga, Fonseca, & Bianchini, 2014) . In conjunction with the swallow act, the clinician visually scrutinized two online indices, namely, total swallow time and hyo-laryngeal excursion. Total swallow time was noted using a hand-held digital stopwatch. Temporal monitoring commenced when the upper lip touched the rim of cup that indicated onset of swallow, and lasted till the cup was displaced, which is suggestive of termination of swallow. Similarly, one hyolaryngeal excursion comprised a hyo-laryngeal elevation and its subsequent demotion. The clinician also visually inspected the throwaway cup for any residue post swallow.
Cognition task. For the cognitive tasks, visual stimuli were presented in the middle of the laptop screen using DMDX. The test stimuli involved single digit numbers from <1> to <9>, categorized into target stimuli (i.e., <1>) and nontarget stimuli (i.e., numbers between <2> and <9>). The selection of the stimuli was based on the previous cognitive experiment that assessed sustained attention using number recognition task with DMDX software in healthy young adults (Narra, Mathew, & Varghese, 2012) . Performance was measured by the participants' reaction time in accurately recognizing the target stimuli. Stimuli delivery was controlled by loading a programmed script written and saved in rich text format (.rtf). The coding sets parameters pertaining to total stimuli, screen resolution, font name with size, response format, and so forth. Times New Roman of font size 14 was used for visual presentation of the stimuli. This was followed by setting the time frame for each stimulus to appear and remain in the display screen. The stimulus was programmed with the DMDX software in the following sequence: the target and nontarget numbers were presented for 1,000 ms with interstimuli interval of 100 ms. The DMDX software was daily calibrated using the advanced millisecond callback test available in the advanced test toolbar of the TimeDx module.
For the BCT condition, the participant faced the laptop display screen at a comfortable distance and was directed to use their preferred hand to press the <1> key once as quickly as possible upon seeing a target stimuli and to press the <5> key once as quickly as possible upon seeing a nontarget stimuli. Any other key button press was automatically deemed as incorrect response. Three practice trials were administered prior to initiating the actual test, and were not considered for data analysis. The order of target and nontarget stimuli was randomized.
For the DT condition, all participants performed the swallow task and the cognitive task simultaneously. Directives for performing the swallow task and the cognitive task remained unchanged. However, the instruction set highlighted the participants to uniformly focus on both the tasks. The DT was administered under LWW and CSW condition. All participants had a 24-hr intertest interval between BST, BCT, and DT conditions to avoid any practice effect. The order of administration of BST, BCT, and DT conditions was randomized throughout data collection.
Data Analysis
Data obtained from the three testing conditions were systematically tabulated for each participant as follows.
Swallow task. Only data from participants who were able to swallow the whole 100-mL liquid with no residue in the cup were entered into data analysis. Using the data of hyo-laryngeal excursion and total swallow time, three offline swallow indices were calculated (Hughes & Wiles, 1996) with their mathematical formulae described as follows: Cognitive task. Data analysis for the cognitive task relied upon the DMDX software's automatic calculation of participant reaction time in milliseconds for recognizing target and nontarget stimuli. Lost trials and error trials were excluded from analysis. Lost trials were defined as any reaction time that exceeded 1,000 ms and error trials were defined as an incorrect identification of target or nontarget stimuli.
Statistical Analysis
Statistical testing was performed on the tabulated data, as described earlier, using Statistical Package for Social Sciences Version 17 (SPSS Inc., Chicago, IL, USA). Repeated measures of analysis of variance (ANOVA) were performed on the data to note any statistically significant difference. The level of significance was set at p .05.
Results
All participants were able to continuously ingest the 100-mL thin liquids and perform the cognitive task across all the test sessions; there were no dropouts among any test participants. Tables 1 to 3 for V/S, T/S, and SC, respectively. Figure 1 reveals that V/S was higher for the BST versus the DT condition. More specifically, between CSW and LWW, volume intake was higher for CSW in both the BST and DT conditions. Regarding the T/S parameter, represented in Figure 2 , swallow time was shorter for BST than DT; and there was no mean difference in swallow time between LWW and CSW in the BST condition, while swallow time was faster for CSW versus LWW in the DT condition. Figure 3 represents the results of the SC parameter and shows that SC was higher for BST in comparison to DT; SC was higher for CSW than LWW in both BST and DT conditions. Cognition task. Repeated measures of ANOVA with reaction time as the variable, and Mauchly's test of sphericity revealed no violation of sphericity for target, x 2 (2) ¼ 0.554, p ¼ .758] and nontarget, x 2 (2) ¼ 3.116, p ¼ .211 stimuli. Accordingly, statistically significant differences were obtained as F (2, 56) ¼ 9.020, p < .000, Z 2 ¼ .194 and F (2, 56) ¼ 7.776, p < .000, Z 2 ¼ .162 for target and nontarget stimuli, respectively. Pairwise comparison by Bonferroni post-hoc analysis revealed statistical significant differences for target and nontarget stimuli as represented in Tables 4 and 5 , respectively. Thus, reaction time was slower in the DT than in the BCT condition, and reaction time was faster when the subjects were swallowing CSW than LWW, in BCT and DT conditions. Moreover, reaction time was faster for target stimuli than for nontarget Cohen's d was calculated to check the effect size of differences between the means of (a) BST and DT, for V/S, T/S, and SC indices across LWW and CSW and (b) BCT and DT, for target and nontarget stimuli (Table 6 ). The interpretation of Cohen's d is as per previously established data (Cohen, 1992) . Data from Table 6 suggest that there was a large effect size for V/S and SC indices, and target and nontarget reaction time across LWW and CSW. For T/S, medium and small effect size was noted for LWW and CSW, respectively. 
Discussion
In order to measure the effects of a dual swallow-attention task on both swallowing and cognitive functioning, this study compared swallow and cognitive performances in isolation versus concurrent conditions in healthy young adults. Our results revealed that simultaneously performing both tasks impeded both cognitive and swallow performances in relation to performing either task alone.
A reduction in the allocation of attention resources could be the primary reason behind the differences we observed. To understand the complexity of cognitive attention functioning and its resource allocation mechanisms, several models and theories have been offered. Pashler's (1994) ''Model of Capacity Sharing'' suggests that attention is a dynamic skill set that can be manipulated within its limited framework. In this view, attention resources are distributed in the DT differently than in the baseline or isolation tasks in that when the participants were performing the DT, the systems governing cognitive and swallow activity were more heavily loaded or limited, perhaps resulting in decreased swallow efficiency and delayed cognitive reaction time.
Past swallow research has suggested that swallowing is a reflexive behavior, driven by a central pattern generator (Jean, 2001) . Hence, the swallow circuit has no involvement in performing a cognitive task that is controlled by the cortical system. In this view, there should be no DT effect on swallow or cognitive performance. However, the anticipatory swallow phase, discussed in the Introduction section of this paper, aids in understanding a cognitive involvement in swallowing. According to Leopold and Kagel (1997) , the anticipatory phase occurs prior to initiation of the oral phase of swallowing. Hence, any delay in the initiation of the anticipatory phase will subsequently delay its transition to the oral phase. Therefore, in the DT condition, when participants performed the number recognition task, the cognitive system would have to share its resources to also perform the swallow task. As attention is a limited skill set, allocating resources equally and simultaneously to performing both swallowing and number recognition tasks would have posed a challenge that compromised the integration of the two sensory-motor activities so as to diminish the participant's optimal capacity. In the DT swallow activity, the participants would have had delay in transition from anticipatory to oral phase by delaying drinking from the rim of cup, thereby diminishing their swallow performance. Similarly, under the DT cognitive activity, number recognition and response time would have been negatively affected. Collectively, Pashler's (1994) model and anticipatory phase theory for swallowing shed light upon possible overlapping neuronal resources controlling both swallowing and attention skills, beyond the central pattern generator theory.
The findings of this study are supportive of previous works that have meticulously investigated this concept under investigation with the combination: 5-mL swallow and nonword recognition task (Brodsky et al., 2012) and 10-mL swallow and digit forward test (Troche et al., 2014) . Volumetrically, swallow is distinctly divided into single sip swallow and sequential swallow that corresponds with 1-20 mL and 90-100 mL test capacities, respectively (Brodsky et al., 2016) . Under this classification, Brodsky et al., (2012) and Troche et al., (2014) swallow investigations are measures of single sip swallow. On the other hand, in our study, we used a larger test volume (100 mL) that mimics sequential style of swallow (Lederle, Hoit, & Barkmeier-Kraemer, 2012) . Likewise, each cognition task has its specific test instruction and interpretation that makes the test not just unique but noncompatible for comparison. Therefore, the results of these benchmark studies cannot be compared with the findings of our study because of method variations that differ in quantity of thin liquids and analysis of cognitive task.
Nevertheless, the study by Dodderi and Larisa (2016) is applicable for comparison wherein V/S and SC parameter performance was higher in the baseline and the DT condition compared with the results of this study. But, similar clinical values were noted for T/S index. It is interesting to note that in our study, V/S and SC indices were below par in performance by approximately 10 mL and 7 mL in the baseline condition, and 5 mL and < 3 mL in the DT condition, respectively. Although participants belong to the normal population, such large variations in performance can be considered as their natural style of swallowing, which was emphasized during test instruction.
Baseline swallow and DT conditions with carbonated thin liquids enhanced swallow performance, probably because of increased intra-oral sensory perception created by sodium bicarbonate, a chemesthetic agent (Chee, Arshad, Singh, Mistry, & Hamdy, 2005) . Physiologically, at the oral cavity region, chemesthetic agents are governed by the trigeminal nerve in conjunction with the vagus and glossopharyngeal nerve (Mistry & Hamdy, 2008) . These afferent nerves increase neural excitation at the medulla oblongata (Sciortino, Liss, Case, Gerritsen, & Katz, 2003) . Hence, when CSW was ingested, the heightened swallow reflex would have compensated for problems associated with shared attention resources, increasing V/S, decreasing T/S, and subsequently increasing SC when swallowing the CSW versus LWW.
Limitations to this study include the fact that the instruction set for DT gave equal importance to swallowing and cognitive tasks. Future studies might adopt specific instructions to focus primarily on one or the other of these tasks in the DT condition to compare results with this study's balanced instructions. Second, we presented carbonated liquids at room temperature rather than chilled as is more typical, perhaps resulting in a different physiological reaction and swallow reflex. The short duration of target and nontarget stimuli presentation (1,000 ms) may have increased the motor demand on the participant's reaction time. Of most importance, further research is needed to define the particular degrees or types of cognitive distraction that may be associated with sufficient impairment of swallowing behavior to present unsafe swallowing conditions for various patient groups. This research is particularly important in populations of patients who are already experiencing swallowing difficulty or who may be at a risk of choking.
